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(57)Abstract: 

PURPOSE: To freely adjust the focal length of the 
lens array by flattening the surface of the lens array ~ 
with a material having a specific refractive index. 
CONSTITUTION: A circular cylinder of resist is 
produced by using the technique of photolithography 
and heat is applied thereto to induce flow in the 
resist. The resist is cooled to solidify at the point of 
the time when a lens shape is made by the surface 
tension of the resist to obtain microlenses 102. The 
rugged parts of the lens array 101 produced in such a 
manner are flattened with the material 103 having the 
refractive index larger than 1 and smaller than the 
refractive index of the material of the lens array 101. 
The power of each piece of the microlenses 102 is 
lowered in this way and the free control of the focal <m : 
length or the free setting of the radii of curvature of 
the individual lenses is possible. 
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[Embodiments] 

The present invention is described in detail hereafter, with reference to the embodiments. 
However, the present invention is not confined to the following embodiments. 

[Embodiment 1] 

As shown in Fig.l (a), an array of lenses 101 comprising micro-lenses 102 having a focal 
length of 300^m was prepared. The micro-lenses 102 were made of resin having a 
refractive index of 1.52. Then, as shown in Fig.l (b), a transparent resin 103 having a 
refractive index of 1.46 was applied on the micro lenses 102 to a thickness of 13.7^m. As 
a result, the distance between the micro-lens - board interface 104 and the collection point 
of each of the lenses was 320^m. 

[Embodiment 2] 

As shown in Fig.2, an array of lenses 201 the surface of which was flattened with a 
transparent resin 203 was created. The respective micro lenses 202 of the array of lenses 
were made of a positive resist (TF-20 ex. Ship ley refractive index = 1.65), having a lens 
diameter = 65[im and a radius of curvature of 150(im. The microlenses 202 were created 
according to the process shown in Fig.3. First, as shown in Fig.3 (a), a resist cylinder 301 
was created using a photolithographic technique (only the cross section is shown). Then, 
as shown in Fig.3 (b), the cylinder was heated to cause the resist to flow. When the lens 
shape was formed by the resists surface tension, it was cooled and solidified to obtain the 
micro-lens 302. On the surface of the array of lenses thus produced, a PMMA (refractive 
index = 1.49) was coated to a thickness of GlA\im to create the array of lenses 201. The 
distance between the micro-lens - board interface 204 and the collection point of the array 
offenses 201 was 320^m and the spot diameter on the collection surface was 7.3^m. 
Alternatively, an array offenses having a focal length of 320|im was created using a 
similar procedure and materials without providing the transparent resin layer 203. This 
array offenses had a radius of curvature of the lens of 210[xm. The lens had to have a 
larger radius of curvature where a transparent resin layer was eliminated. Therefore, 
the resist cylinder 301 in Fig.3 (a) should have had a small height. This made the 
production of the lens difficult because the resist hardly flowed when it was heated. 



Consequently, the obtained lens was poorly shaped and the spot diameter on the focal 
plane was as large as 64.8^m. 

[Embodiment 3] 

In order to increase the light amount that passes through the liquid crystal pixel apertures 
of a liquid crystal display element, as shown in Fig.4, an array of lenses 401 that was 
exactly the same as that of Embodiment 2 was applied on the both sides of a liquid crystal 
display element 402. With this structure, being collected by the array of lenses 401, the 
incident light 403 passed through the apertures 404 and improved the brightness on the 
display surface of the liquid crystal display element. As a result, the transmitted light 
405 was increased by 70% when the array of lenses 401 was provided. In addition, no 
rippling was observed on the display surface of the liquid crystal display element. On the 
other hand, the transmitted light 405 was increased by 40% in amount when the array of 
lenses was provided without a transparent resin layer on the surface. Furthermore, the 
array of lenses had a rough surface. Therefore, there were gaps between the liquid 
crystal display element and the array of lenses. This caused rippling on the display 
surface of the liquid crystal display element. Because of the direct contact between the 
micro-lenses and the liquid crystal display element, the micro-lenses were damaged. 

[Efficacy of the invention] 

As described above, the present invention flattens the surface of the array of lenses 
consisting of a material having a refractive index m using a material having a refractive 
index n 2 wherein m > na > 1 so that the focal length of the array of lenses can be 
arbitrarily adjusted. Alternatively, in order to create an array of lenses having a specified 
focal length, the radius of curvature of the lenses can be arbitrarily determined with a 
wide margin of production. Flattening the rough surface of the array of lenses also 
provides the additional advantage of protecting the lenses. Applying the array of lenses 
of the present invention to the front surface of a liquid crystal display element results in 
increasing the light amount on the display surface and eliminating rippling. Such a 
liquid crystal display element can be used to obtain an extremely highly bright projector 
and it obviously has applications in optical printers, copiers, and general liquid crystal 
display apparatus. 
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